Introduction. While positive social support is associated with lower prevalence of disease and better treatment outcomes, negative social relationships can instead have unfavourable consequences for several physical and mental health conditions. However, the specific mechanisms by which this nexus might operate remain poorly understood. Hypothalamicpituitary-adrenal (HPA) axis hyperactivity owing to psychosocial stress has been proposed as a potential pathway underlying the link between social support and health. Hair glucocorticoids such as cortisol and cortisone are emerging as promising biomarkers of longterm retrospective HPA activation. Therefore, the aim of this investigation was to examine the effects of positive and negative experiences of social support within key relationships (i.e. spouse/partner, children, other family members, and friends) on cortisol and cortisone.
Introduction
Social support can be defined as the social resources perceived by individuals to be available to them as well as those that are actually provided in the context of helping relationships (Gottlieb and Bergen, 2010) . There is convincing evidence that social support is a crucial factor in the maintenance of health and an essential component of human wellbeing (Cohen et al., 2000; Uchino, 2006) . Several prospective studies have demonstrated how both functional and structural aspects of social support can affect morbidity and mortality from a wide range of diseases (Holt-Lunstad et al., 2010) . A better understanding of this relationship between social support and health is particularly important in contemporary industrialised societies. Indeed, despite huge advances in contemporary communication technology in an epoch of mass-globalisation, both the quality and quantity of subjective social connections appear to be decreasing (McPherson et al., 2006; Office for National Statistics, 2016) .
Social interactions are not inherently positive in nature, and instead entail both rewards and costs (Rook, 1997) . For instance, having a larger social network could lead to higher interpersonal conflict in the context of unhealthy social exchanges (Cohen et al., 2000) . Therefore, over the last two decades, researchers have devoted increasingly more attention to the negative (e.g. criticism and demands), as well as positive (e.g. affection and understanding) aspects of social support. The dual focus on positive and negative social support rests on the finding that they are two relatively distinct constructs (Fiori and Consedine, 2013) . In this vein recent evidence indicates that, whilst positive social support can promote health and wellbeing, negative social interactions can predispose the individual to poorer health outcomes (Newsom et al., 2005; Croezen, 2012; Khondoker et al., 2017) .
Nevertheless, it remains unclear which dimension or source of social support has the greatest impact on health.
Notwithstanding these limitations, the nexus between social support and health is now well established in the research literature. However, the specific pathways by which this might operate remain poorly understood (Holt-Lunstad et al., 2010) . There are two broad sets of mechanisms through which psychosocial factors may influence healthnamely, the behavioural and the psychobiological (Steptoe et al., 2005) . With respect to behavioural factors, there is some evidence that negative social support is associated with current smoking, physical inactivity, overweight, and excessive alcohol consumption (Croezen et al., 2012) . However, the association between social support and health appears to be partly independent of behavioural risk factors (Berkman and Krishna, 2015) , and there also are instances of supportive relationships which ultimately promote damaging health behaviours (Uchino, 2006) .
An alternative pathway is represented by psychobiological processes, where hypothalamic-pituitary-adrenal (HPA) axis hyperactivity owing to psychosocial stress might be a key mediator (DeVries, et al., 2003; Hostinar and Gunnar, 2013) . According to the stress-buffering hypothesis, social support can either provide a buffer against stress, serving as a coping resource against the negative effects of adverse life events, or be itself a source of stress (Cohen et al., 2000) . Activation of the HPA axis is one of the most thoroughly characterised neuroendocrine response to stress (McEwen, 1998) . Consequently, the glucocorticoid hormone cortisol, a primary product of the HPA axis, has been proposed as a key biomarker underlying the relationship between health and psychosocial factors.
Cortisol is produced in the adrenal glands via the enzyme 11-beta-hydroxysteriod dehydrogenase (11B-HSD) type 1. Higher levels of this hormone are implicated in the aetiology of numerous cardiometabolic, inflammatory, endocrine, and neural disorders (Girod and Brotman, 2004; McEwen, 2007; Hackett et al., 2016; Jackson et al., 2017) , as well as mental health problems (Adam et al., 2017) . Cortisone is another glucocorticoid hormone which is metabolised from cortisol in the peripheral tissue by the enzyme 11B-HSD type 2, and is typically considered as an inactive metabolite because it has much lower glucocorticoid activity than cortisol (Raul et al., 2004) . In addition, the ratio of cortisol to cortisone can be used as an indirect measurement of 11B-HSD enzymatic activity, which is responsible for regulating overall glucocorticoid action (Weber et al., 2000) . Similarly to cortisol, elevated levels of cortisone and cortisol/cortisone ratio have been found to be associated with different mental and physical health factors, including depression, selfreported stress, body mass index, obesity, and hypertension (Quinkler and Stewart, 2003; Romer et al., 2009; Vanaelst et al., 2013; Rippe et al., 2016; Scharlau et al., 2018) . Moreover, the importance of assessing cortisone and the ratio in stress-related research has been reinforced by evidence showing altered 11B-HSD activity under stress conditions (Quinete et al., 2015) .
A number of studies have found evidence for positive associations between cortisol and measures of social isolation, loneliness, and perceived social support (Steptoe et al., 2004; Adam et al., 2006; Stafford et al., 2013; Staufenbiel et al., 2014) . However, no research has yet addressed the effects of both positive and negative social relationships on cortisol, cortisone, and their ratio. Moreover, until recently glucocorticoid hormones have been predominantly measured in saliva, serum, or urine, which can only represent the dynamics of glucocorticoid output over short periods up to 24 hours (Staufenbiel et al., 2015) . In contrast, measurements in hair provide quantification of glucocorticoid output over several weeks, and are not influenced by the acute variations related to momentary events and moods. As a result, hair concentrations of cortisol and cortisone are emerging as promising biomarkers of long-term HPA activation Stalder et al., 2017) .
Therefore, the aim of this study was to determine the relative influence of positive and negative experiences of social support on hair cortisol, cortisone, and their ratio (Rhcc) in a sample of older men and women. Since different relationships may perform different functions in the social networks of older people (Khondoker et al., 2017) , the associations between positive and negative support and hair glucocorticoids were analysed separately according to source type (i.e. partner/spouse, children, other immediate family members, and friends). Furthermore, in order to understand the impact of cumulative exposure to poor social support, the analysis used data on the participants' quality of social relationships evaluated in retrospect over four years. We hypothesised that: 1) positive social support would be related to lower cortisol, cortisone, and Rhcc, whereas negative social support would be associated with higher levels of hair glucocorticoids; 2) these associations would be larger for emotionally-closer relationships such as partner/spouse and children; and 3) cumulative exposure to low positive/high negative social support over a four-year period would be associated with higher glucocorticoids.
Methods

Study sample
The data came from the English Longitudinal Study of Ageing (ELSA), a prospective study of women and men aged 50 years and over living in England. The study began in 2002
with an original sample of 12,099 participants, who were drawn from the Health Survey for
England. The methods of data collection and sample design are detailed at www.elsaproject.ac.uk. Comparisons of the sample's sociodemographic features with the national census suggest that it is representative of the general English population (Steptoe et al., 2013) . During the assessment by study nurses in wave 6 (2012/13), hair samples were collected to measure cortisol and cortisone. Out of the 7,699 participants who participated in the nurse interview, hair samples were collected from 5,451 individuals. However, owing to financial constraints, hormone levels were assayed only from 2,685 participants, prioritising those who had participated in the maximum number of previous waves of data collection (Steptoe et al., 2017) . There were 84 individuals who were excluded from the study because they had hormone levels too low to be detected or too extreme, resulting in a sample of 2,601
participants. In addition, to examine the effect of cumulative exposure to poor social support, the analysis used data from the self-completion questionnaire in waves 4 (2008/09) and 6. In the sample with detectable hair glucocorticoids, there were 80 individuals who did not return the self-completed interview in wave 4. Thus, the final analytical sample included 2,520 respondents. All respondents provided informed consent. Ethical approval was obtained from the National Research Ethics Service.
Measurements
Hair Cortisol and Cortisone
During the nurse visit, hair strands of approximately 3 cm were collected from the posterior vertex as close to the scalp as possible. Participants were excluded from the hair sample in the following circumstances: pregnancy, breastfeeding, certain scalp conditions, having less than two cm of hair length, and inability to sit with head remaining still. A more detailed description of the hair sampling process can be found at http://www.elsaproject.ac.uk/uploads/elsa/docs_w6/project_instructions_nurse.pdf. The hair analysis was conducted by the Technische Universität Dresden in Germany. As described in Gao et al.
(2016), following a standard wash and steroid extraction procedure, glucocorticoid levels were quantified by high performance liquid chromatography-mass spectrometry (LC/MS).
Cortisol and cortisone concentrations were expressed in pg/mg. Based on an average hair growth of approximately 1 cm per month (Kirschbaum et al., 2009) , the 3 cm hair segment closest to the scalp represents average glucocorticoid concentrations accumulated over three months prior to sampling. Hair specific characteristics that could affect hormonal levels (e.g. dyeing or chemical treatments) were assessed by self-reports. The Rhcc was calculated by dividing hair cortisol levels by cortisone concentrations.
Positive and negative social support
Positive and negative experiences of social support were measured based on items administered in a self-completion questionnaire. A set of three items were used to measure positive support, while four items were used to represent negative social exchanges (Appendix A). The same sets of items were used to measure the quality of each of four types of close relationship separately (Spouse/partner, children…). Responses were measured on a 4-point scale ranging from 1 ('not at') to 4 ('a lot'). For each relationship, positive and negative scores were then averaged and categorised into 'low' (1-2), 'medium' (3), 'high' (4), or 'no source' (positive support), and 'low' (1), 'medium' (2), 'high' (3-4), or 'no source'
(negative support). This approach minimised the amount of missing data because some relationships were not available for all participants, and allowed us to examine the effect of not having a specific source of support compared with having a poor relationship. In addition, we calculated overall scores for low positive and high negative support across all four sources, where respondents were assigned a score of one if they reported low positive/high negative support for each relationship. Furthermore, a combined measure of positive and negative support was calculated by summing together the overall low positive and high negative scores. Cross-sectional analyses were based on responses in wave 6, while in longitudinal analyses, the effect of cumulative exposure to low positive/high negative social support was evaluated based on responses from waves 4 (2008/09) and 6. For each source and dimension of social support, a categorical variable was created for whether the participant had been exposed to low positive/high negative social support two, one, or no times across the two time points. Overall scores were also computed by summing together the overall positive, negative, and combined scores from waves 4 and 6.
Sociodemographic variables, lifestyle factors, and hair characteristics
The analyses were adjusted for sociodemographic, lifestyle, and hair characteristics. 
Statistical Analyses
RStudio version 1.0.136 for Windows was used in all statistical analyses. Cortisol and cortisone were positively skewed, and therefore logarithmic transformation was applied to achieve normal distribution. The associations between glucocorticoid concentrations and social support were tested using multiple linear regression analysis. Each outcome variable (i.e. cortisol, cortisone, Rhcc) was modelled in separate regression models. In a first step, partially-adjusted models were performed examining the effects of each social support variable on hair glucocorticoid levels separately, with adjustment for sex and age (Model 1).
In the next step, fully-adjusted regression models were run including all covariates used in the analysis (Model 2). Lastly, the independent effects of each social relationship were tested entering all source-specific social support variables simultaneously, but separately for positive and negative experiences due to potential multicollinearity issues (Model 3). Missing data were accounted for by multiple imputation by chained equations using the R's package 'Mice' (Van Buuren and Groothuis-Oudshoorn, 2011). Missing information was imputed on all variables for those respondents with available glucocorticoid values. All analysis variables were used as predictors in the imputation models. Missing data is estimated under the Missing at Random Assumption (MAR) (Little and Rubin, 2002) . In the present analysis, MAR implies that if all the variables that are associated with the missing data generating mechanism are used in the imputation models, then estimates can be reliably computed for all participants with missing data (Ploubidis et al., 2014) . Therefore, since socioeconomic position and age are the main drivers of attrition in ELSA (Steptoe et al., 2013) and were used as predictors in the imputation models, this assumption is likely to be met. Twenty imputed datasets were created and the pooled estimates from the regression models are reported. A comparison of observed and imputed data demonstrated that these values were very similar (Appendix B), thus suggesting that the imputation process was conducted appropriately.
Results
Sample characteristics
The characteristics of the study sample are summarised in Table 1 . Participants were on average 68.1 years old, and 58.7 % were women. The majority had primary or secondary school qualifications, and there was a higher proportion of participants in the highest wealth quintile. The sample was on average overweight, only 10.1 % were current smokers, and most of them did not have a sedentary lifestyle. Cortisone concentrations were considerably higher than cortisol, and they showed a significant positive correlation with each other (r = 0.279, p < .001). Descriptive statistics of the negative and positive social support measures are shown in Table 2 . For all relationships, the majority of participants reported high positive/low negative social support in wave 6, and only a small proportion of them had experienced low positive/high negative social support twice across waves 4 and 6. There was a moderate positive correlation between overall low positive and high negative social support scores (r = 0.137, p <.001). Chi-square tests of independence indicated that positive and negative support variables within each relationship were significantly correlated to each other. Furthermore, significant associations were also found between positive/negative support variables across different relationships (e.g. positive support from partner and children).
Associations with hair cortisol
The regressions of hair cortisol on positive and negative experiences on social support are reported in Table 3 . In cross-sectional analyses, the overall score for low positive support was significantly associated with cortisol, an effect which was sustained also after adjustment for the other covariates as indicated in Model 2 (β = 0.048, p = 0.018). This suggests that for every one point increase in the low positive support score the expected log transformed cortisol value increased by 0.05 standard deviation units on average. Similarly, the overall score for high negative support was positively associated with cortisol concentrations both in partially and fully adjusted models (Model 2: β = 0.039, p = 0.051). In addition, the combined positive + negative score was also associated with higher cortisol levels independently of all covariates (Model 2: β = 0.058, p = 0.004), and its effect size was larger than those observed for the two scores separately. When social support was tested separately for each social relationship, evidence was found for a significant association between social support from children and hair cortisol, which was robust to full adjustment for all covariates and independent from the other sources of positive support. Specifically, participants who reported high and medium positive support from children had on average a log transformed cortisol value of 0.081 (p = 0.050) and 0.084 (p = 0.023) standard deviations lower than those with low children support respectively (Model 3).
Cortisol was also associated with cumulative exposure to poor social support over a
four-year period. Higher scores on overall low positive (β = 0.055, p = 0.006) and positive + negative (β = 0.062, p = 0.002) scores across waves 4 and 6 were both positively associated with cortisol independently of all covariates (Model 2). Importantly, the magnitude of their effects was somewhat larger than in cross-sectional analyses. Overall negative support was found to be positively associated with cortisol. However, this effect no longer reached statistical significance in fully adjusted analysis (Model 2: β = 0.038, p = 0.060). Sourcespecific analyses (see Supplementary tables online; Appendix C) demonstrated that participants who had been exposed to low positive support from children twice had an average cortisol value of 0.038 standard deviations higher than those who reported high or medium positive support from children at both time points independently from all covariates (p = 0.050).
Associations with hair cortisone
The regressions of cortisone on positive and negative experiences of social support are shown in Table 4 . In cross-sectional analyses, the overall scores for positive and negative support, as well as their combination, were not significantly associated with cortisone.
However, source-specific effects of positive and negative support from children demonstrated significant associations with cortisone levels. Participants who reported high or medium positive support from children had an average log transformed cortisone value of 0.010 (p = 0.012) and 0.083 (p = 0.016) standard deviation units lower than those with low positive support respectively, independently of the other covariates and sources of social support (Model 3). Furthermore, low and medium negative support from children, as well as having no children, were all significantly associated with a decrease in cortisone of 0.177 (p = 0.002), 0.127 (p = 0.008), and 0.092 (p = 0.027) standard deviations respectively, compared to the group of respondents with high negative support (Model 3).
Similarly, longitudinal analyses provided no evidence for significant associations between cortisone and cumulative exposure to overall positive and negative support.
Nevertheless, there was a significant effect of children support in source-specific analyses (Appendix C). In particular, participants reporting low positive children support at both or one time point had on average a log transformed cortisone score of 0.041 (p = 0.049) and 0.038 (p = 0.046) standard deviations higher than their counterparts independently of all covariates.
Associations with the Rhcc
In cross-sectional analyses, the Rhcc showed significant associations with the overall support scores after adjustment for all covariates (Table 5 ; Model 2). For every one point increase in the low positive, high negative, and positive + negative scores, the mean Rhcc was expected to increase on average by 0.039 (p = 0.048), 0.053, (p = 0.008), and 0.059 (p = 0.003) standard deviations respectively. Similar associations were also found in longitudinal analyses. In fact, cumulative exposure to overall low positive (β = 0.048, p = 0.015) and high negative (β = 0.055, p = 0.08) social support, as well as their combination (β = 0.066, p = 0.001), were all positively related to the Rhcc independently of the other study covariates, and with larger effect sizes than those observed in cross-sectional analyses (Model 2). However, the favourable effect of higher quality support from children on cortisol and cortisone was not observed for their ratio (Appendix C).
Effects of sociodemographic, lifestyle, and hair characteristics
Lastly, we found evidence for significant associations between hair glucocorticoid hormones and a number of demographic, socioeconomic, lifestyle, and hair characteristics which were used as covariates in the main analysis (Appendix D). In fully adjusted models, higher BMI and lower wealth were associated with higher cortisol and cortisone. Elevated cortisone concentrations were also observed for males, smokers, and participants with darker or not chemically treated hair. In addition, the Rhcc was positively associated with female sex, age, and lighter or chemically treated hair.
Sensitivity analyses
In order to assess potential bias due to missing data, all models were rerun applying list-wise deletion on all variables. This resulted in a sample of 1,524 participants. The pattern of associations between positive and negative social support and glucocorticoid levels remained almost unchanged. There were some variations in the significance level of the source-specific social support measures. However, this is likely to be due to the reduced sample size, and therefore power of the analysis to detect significant differences between subgroups. Supplementary tables for these analyses can be found in the online version of the article (Appendix E).
Discussion
Summary of main findings
This study investigated the associations of hair cortisol, cortisone, and their ratio with both positive and negative experiences of social support within key relationships (i.e. partner/spouse, children, other family members, and friends) in a sample of older adults from ELSA. The first hypothesis proposed that positive support would have a favourable effect on hair glucocorticoids, whilst negative social relationships would lead to higher hormone levels.
The results confirmed that participants who reported lower positive or greater negative social support across all sources had higher levels of cortisol, as well as an elevated Rhcc. In addition, lower overall positive support was associated with higher negative support, and their combination led to an even higher level of glucocorticoid concentrations as compared with their individual effects. According to the second hypothesis, the association between social support and hair glucocorticoids would be larger for emotionally-closer relationships such as partner/spouse and children. The results supported this prediction in relation to children support, since this was the source-specific measure exhibiting the largest effects on both hormones. Lastly, the third hypothesis proposed an adverse effect of cumulative exposure to poor social support on hormone levels. In line with this prediction, overall low positive and high negative social support evaluated in retrospect over a four-year period were associated with an increase in both cortisol and the Rhcc. Furthermore, greater hormone concentrations were observed in participants reporting low positive support from children at both measurement points, a finding which further corroborates the second study prediction. These associations were also independent of relevant demographic, socioeconomic, lifestyle, and hair characteristics.
Interpretation of the results in relation to previous work
To our knowledge, this is the first study to investigate the influence of positive and negative social support on hair cortisol, cortisone, and their ratio. Although associations between cortisol and other aspects of social relationships such as isolation and loneliness have been documented in previous studies (e.g. Steptoe et al., 2004; Adam et al., 2006; Stafford et al., 2013) , no research has yet investigated the positive, as well as negative, qualitative dimensions of social support in relation to the HPA axis. Moreover, the majority of studies have assessed cortisol using salivary or blood measurements which can fluctuate considerably over the day and in response to different activities or moods. Scalp hair cortisol instead allows to measure long-term HPA activity . It may therefore be well suited to the analysis of the psychobiological pathways linking social support and health which may take time to unfold. Consequently, this study makes a fundamental contribution to the current state of knowledge. Specifically, it demonstrated that, while higher positive support within close relationships was associated with lower concentrations of hair cortisol, conversely, higher negative social support led to an increase in hormone levels. In addition, it showed that chronically elevated cortisol concentrations were associated with cumulative measures of poor social support, thus providing a more comprehensive characterisation of the interplay between social relationships and HPA function over time. HPA axis hyperactivity is one of the best characterised neuroendocrine response to stress (DeVries et al., 2003) , which also plays a critical role for physical and mental health (Girod and Brotman, 2004; Hackett et al., 2016; Adam et al, 2017) . Thus, this provides further support for the stress-buffering hypothesis of social support (Cohen et al., 2000) , as well as convincing evidence for the possible presence of a specific psychobiological pathway underlying the nexus between social support and health. The relationships between hair glucocorticoids and social support were also independent of a number of behavioural and lifestyle factors (i.e. adiposity, smoking, and physical inactivity) which are associated with both cortisol (Stalder et al., 2017; Steptoe et al., 2017) and social support (Croezen et al., 2012) . This therefore indicates that the psychobiological and behavioural pathways through which social relationships may influence health are partly independent from each other.
Another original aspect of this study was the assessment of hair cortisone and the Rhcc as potential biomarkers of HPA axis activity along with cortisol. Previous research demonstrated that both cortisone and the Rhcc are related to various aspects of physical and mental health, which are also associated with cortisol (Quinkler and Stewart, 2003; Romer et al., 2009; Vanaelst et al., 2013; Rippe et al., 2016; Scharlau et al., 2018) . Nevertheless, there are virtually no studies that have investigated the effect of social support on cortisone and the Rhcc. The current study demonstrated that the aggregated scales of positive and negative social support were significantly associated with both cortisol and the ratio, whilst only poor children support had an adverse link with cortisone. Such different patterns of associations of social support with cortisol and cortisone remain difficult to interpret owing to the relatively limited number of studies which have used both hormones as biomarkers of stress. Recent research suggested that salivary cortisone may provide a better reflection of systemic cortisol levels because it represents more accurately free serum cortisol levels after adrenal stimulation (Stalder et al., 2013) . Furthermore, cortisone seems to be more stable over time (Vanaelst et al., 2013) , and it may also be more readily measurable in hair since it has a concentration approximately 3 times higher than cortisol (Staufenbiel et al., 2015) . A number of studies reported similar associations of socioeconomic adversity and various stress-related physical conditions (e.g. overweight, diabetes, and cardiometabolic syndrome) with both hair cortisol and cortisone (Stalder et al., 2013; Staufenbiel et al., 2015; Noppe et al., 2016; Rippe et al., 2016; Vliegenthart et al., 2016) . However, the strength of these relationships was somewhat larger for cortisol as compared with cortisone, a finding which is consistent with the effect of social support observed in this study. This difference may be attributable to a greater influence of biological rather than environmental factors on the levels of cortisone found in human hair. Cortisone is in fact built later in the corticosteroid chain, and is not solely related to cortisol levels (Rippe et al., 2016) . For instance, cortisol binds mainly to cortisol binding globulin (CBG) and albumin, whilst only the remaining free fraction (3-10%) constitutes the bio-active hormone. However, also cortisone binds to CBG, and it is unclear whether only free cortisol or a combination of cortisol and cortisone is built in hair (Raul et al., 2004) . Thus, CBG action may influence the strength of the associations of cortisol and cortisone with other environmental factors. Furthermore, it is important to note that age appears to have a curvilinear effect on hair cortisol, where elevated hormone levels are found in young children and older adults (Dettenborn et al., 2012) . In contrast, there is no evidence documenting how cortisone and the Rhcc change across the different stages of the lifespan.
Thus, the impact of other biological as well as environmental factors on these biomarkers could differ according to the particular age group examined. Moreover, it also remains unclear whether there is a finite conversion rate which limits the capacity to convert cortisol into cortisone in hair. Notwithstanding these issues, our results clearly suggest that hair cortisone and the Rhcc may provide useful information about HPA activity, and should therefore be assessed in future research along with cortisol.
In relation to the issue of which dimension of social support has the strongest impact on health, the results appear to suggest that the absence of positive social relationships has a more detrimental effect on the HPA axis than negative social support, particularly in the case of cortisol. Thus, this could indicate that the lack of a warm, reliable, and understanding relationship could be more harmful than being exposed to greater criticism and demands from key members of one's own social network. This is in contradiction to previous research indicating a disproportionate impact of negative social support on health and wellbeing (e.g. Rook, 1997; Khondoker et al., 2017) . However, it should be noted that the overall quality of social support in this sample was particularly high, which might have limited the ability of this study to detect larger effects of negative social support on hair glucocorticoids.
Nevertheless, the benefits of positive social relationships on health have been widely documented (Newsom, 2005) . For instance, Okun and Keith (1998) found that positive social exchanges exerted a stronger unique effect on wellbeing and depressive symptoms than negative relationships in older adults, while other researchers reported comparable effects (e.g. Manne and Zautra, 1989) . Hence, our results further corroborate such findings.
Lastly, in terms of the effect of different components of social support, children appear to be the most influential source in this sample of older adults. This is consistent with the results of previous studies indicating that positive support from children in particular was associated with fewer depressive symptoms and lower risk of dementia in later life (Okun and Keith, 1998; Khondoker et al., 2017) . Such findings could be explained by the fact that the parent-child tie is a unique source of social attachment and solidarity (Umberson, 1992) , which has been proposed to affect well-being through supports that meet the needs of both parents and children (Ward, 2008) . Furthermore, the parent-child tie plays an increasingly important role as individuals age, since social networks tend to become smaller and focused on emotionally close kin (Ajrouch, et al., 2001) .
Limitations and suggestions for further research
This study has a number of limitations which should be carefully considered. considering them as the same experiences. Nevertheless, including also participants without a particular type of relationship allowed to reduce the amount of missing data. In addition, potential differences between the 'no source' group and the other respondents were addressed in the source-specific analyses. Thus, the use of both categorical and aggregated measures of social support helped to minimise the limitations associated with each approach. Fourth, all social support variables, as well as some of the lifestyle indicators, were measured using selfreport which may be prone to measurement error due to the sensitivity of the information required.
Further research is required to determine the causal effects of social support on the HPA axis using longitudinal assessments of cortisol and cortisone. It would also be interesting to assess the effects of positive and negative experiences of social support on the HPA axis in younger adults to understand whether different sources and dimensions of social support may have a different impact on stress throughout the various stages of the lifespan.
Additionally, future research should address the relative lack of empirical evidence on the associations of other aspects of social relationships (e.g. social isolation and loneliness) on hair glucocorticoids. Genetic background and early life environment appear to be the main determinants of HPA axis activity along with current life stress (Stephens and Wand, 2012) .
Thus, given the growing availability of such data in epidemiological surveys, it should be established how the relationships between current social environment, HPA axis, and health are influenced by these characteristics. Lastly, since the current knowledge on hair cortisone and the Rhcc is still very limited, more methodological research is required to provide a more detailed characterisation of these biomarkers across the various stages of the life course.
Conclusions
To conclude, the current investigation demonstrates that, whilst positive social support within key social relationships is associated with lower hair glucocorticoid concentrations, negative social exchanges may instead increase the risk of HPA axis hyperactivity. Amongst the various sources of social support, children appear to be particularly crucial, whilst associations with other components of social support are weaker. This suggests that it is important to consider multiple sources of support because their aggregated effect may have a larger influence on hormone levels. Given the key role of the HPA axis for several health outcomes, these results therefore provide convincing evidence for the existence of a specific psychobiological pathway underlying the nexus between social support and health. Moreover, they have important implications for health and social care practice. Specifically, they highlight the value of improving the quality of social relationships, rather than merely enhancing social interactions, in order to reduce stress and ameliorate health.
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Positive social support (a) How much do they really understand the way you feel about things? 
